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Coccidioidomycosis
JOHN N. GALGIANI, MD, Tucson, Arizona

Coccidioidomycosis is a systemic fungal infection endemic to the southwestern United States and other parts of
the western hemisphere. Although producing a wide range of disorders in healthy persons, immunosuppression
predisposes to especially severe disease. Thus, a knowledge of the pathogenesis of coccidioidal infections and its
relation to the normal immune responses is useful to understand the diversity of problems that Coccidioides
immitis may cause. Diagnosis usually requires laboratory studies such as fungal culture or specific serologic
testing. Fortunately, many patients do not need to be treated for the infection to resolve. Therapy for the more
severe forms of coccidioidal infection was once limited to amphotericin B but now includes azole antifungal
agents. These expanded alternatives now require physicians to weigh many factors in determining the best
management for specific patients.
(Galgiani JN: Coccidioidomycosis. West J Med 1993; 159:153-171)

About 100 years ago, an Argentinean soldier was re-
ported by a medical intern and his teacher to have

lesions resembling mycosis fungoides that contained an
organism resembling protozoa.' Shortly thereafter, two
more cases were recognized by Emmet Rixford, a Stan-
ford surgeon.' Although Rixford correctly proposed that
these unusual infections might have originated in the San
Joaquin Valley of California, their true fungal cause was
not discovered until later,4 and the public health dimen-
sions of the infection, currently about 100,000 cases per
year, were not appreciated until the 1930s.5

Once a distinctly regional disease of the Southwest,
coccidioidomycosis is no longer a disease to be comfort-
ably ignored by physicians elsewhere.'2 The advancing
epidemic of the acquired immunodeficiency syndrome
(AIDS) and immunosuppressing medical therapies such
as cancer chemotherapy and organ transplantation have
made the reactivation of dormant coccidioidal infections
increasingly likely in patients throughout the United States.
Because such infections are often life-threatening, there is
little tolerance for delays in diagnosis if treatment is to be
helpful, and therefore more rapid methods for diagnosis,
now under development, will be important additions to
laboratory testing. In addition, new antifungal agents
have become available, and these have increased the op-
tions for treatment. Many physicians, especially those
who treat only occasional coccidioidal infections, have
not had the opportunity to learn the best use for these new
agents. Finally, interest in the natural history and patho-
genesis of Coccidioides immitis is broadening as well,
and there is a growing understanding of both diagnostic
and T cell-stimulating fungal antigens.

In this review I aim to identify in detail some of these
recent developments and integrate them into an overall
understanding of the disease. It is hoped this will serve
both as a resource for those who need an update on coc-
cidioidomycosis since previous reviews"" and as a stim-
ulus for new work into areas where substantial questions
remain.

Epidemiology
The endemic regions for C immitis lie exclusively in

the western hemisphere and nearly all between the 40-
degree latitudes north and south (Table 1). Within the
United States, the low deserts of Arizona and the Central
Valley of California are the most intensely endemic. Re-
cently an Indian skeleton dated at more than 1,000 years
old has been found to have lesions containing spherules
and represents the first conclusive evidence of mycotic
infection in prehistoric North America."' Outside of the
United States, endemic regions have been identified in
Mexico and areas of both Central and South America.
With few exceptions, the regions of endemicity are char-
acterized as the "Lower Sonoran Life Zone."'8 The cli-
mate is arid, with a yearly rainfall ranging from 5 to 20
inches, and it has hot summers, winters with few freezes,
and alkaline soil.

Within regions endemic for C immitis, infection can
occur without any specific predisposition. Past estimates
of the annual endemic risk of infection have been derived
from the prevalence of reactivity among children. In Kern
County, California, for example, reactivity in 1939 was
55% in elementary school students and increased to 68%
in high school students. By 1964, reactivity in elementary

From the Medical and Research Services, Department of Veterans Affairs Medical Center, and the Department of Medicine, University of Arizona College of Medicine,
Tucson.

This work was supported in part by the United States Department of Veterans Affairs. Some of the unpublished results included in this review were provided as prelimi-
nary findings by the Mycoses Study Group-National Institute of Allergy and Infectious Diseases contract No. 1-AI- 15082-and were jointly supported by Janssen Pharma-
ceutica, Inc, Pfizer Research, Inc, or Schering Corp.

Reprint requests to John N. Galgiani, MD, Medical Service (1 1 1), VA Medical Center, Tucson, AZ 85723.



154COCCIDIOIDOMYCOSIS

ABBREVIATIONS USED IN TEXT
AIDS = acquired immunodeficiency syndrome
CF = complement-fixing [antigen]
CSF = cerebrospinal fluid
HIV = human immunodeficiency virus
IDCF = immunodiffusion complement-fixing
IDTP = immunodiffusion tube precipitin
Ig = immunoglobulin
TP = tube precipitin-reacting [antigen]

school was only 8% and increased to only 24% by high
school.'9 This downward trend in rates has been corrobo-
rated by recent studies in the Tucson, Arizona, metropol-
itan area that have suggested that the annual risk is in the
range of 2% to 4%.20 22 Above this ambient risk, occupa-
tional dust exposure23-26 and windstorms27 have occasion-
ally caused outbreaks.

In a review of the epidemiologic features of coccid-
ioidomycosis, Pappagianis discusses the seasonal nature
of new infections, which appear influenced by many fac-
tors including rainfall, sunlight, temperature, and the salt
concentration of the soil.' How such factors can dramati-
cally change the number of infections has been demon-
strated by the record-breaking epidemic occurring in
1991 and 1992.29 In Kern County alone, the reported
number of cases exceeded 1,700 for the three months
ending in November 1992,3° and similar increases have
been reported throughout the entire. San Joaquin Valley.
Neither of the two preceding winters' precipitation had
been particularly heavy, a factor that has been associated
with higher rates during the following summer.26 An
analysis of the timing of the rainfall has suggested a pos-

sible correlation between a greater-than-seasonal precipi-
tation in the months of February and March and increased
disease activity (Gavin Welch, Kern County Health De-
partment, written communication, February 1993) (Table
2). Other climatic influences including the drought condi-
tions of the past several years may also have contributed
to the epidemic.

Host-Parasite Biologic Processes
Mycology

Coccidioides immitis grows as mycelia in its saprobic
form, producing arthroconidia that readily infect the
lungs. Within the terminal bronchioles of the lung,3' an

arthroconidium sheds its hyphal outer wall layer and en-

larges spherically, forming internal septations that contain
endospores.32-3' When mature spherules rupture, they
release endospores in clumps embedded in a glycoca-
lyx, and endospores continue in the spherule phase. If in-
oculated into saline solution or standard culture media,
spherules revert to mycelial growth.36 Using specialized
techniques, spherules can be propagated in vitro,3"-39 and
this has been useful for studies of spherule-associated
antigens. The usual taxonomic classification based on a

sexual phase has not been possible as both the mycelial
and spherule phases of growth are asexual. An alternative
approach using ribosomal subunit gene DNA homology
has been employed to relate C immitis to other fungi.' In
these studies, more than 1,700 bases of the 18S ribosomal
gene were sequenced from strains of C immitis, five other
human fungal pathogens, and four higher fungi. Of 1,565
sequence positions that could be aligned in all 10 taxa,
335 showed at least one substitution, and for C immitis,
the fewest substitutions occurred in comparisons with
Blastomyces dermatitidis, Histoplasma capsulatum, and
Trichophyton rubrum. A tree of genetic relatedness illus-
trating the predicted evolutionary relationships is given in
Figure 1. By this line of analysis, all of these pathogens
would be classified as Ascomycetes.4'

Pathogenesis and Innate Defenses
From studies in mice, only a few arthroconidia admin-

istered intranasally are necessary to produce an infec-
tion,42 and it is surmised that most ambient infections of
humans occur from only a single spore. Occasionally ex-

TABLE 2.-Relationship ofAnnual Number ofReported
Cases ofCoccidioidomycosis in Kern County, Colifornia,

for Years in Which February and March
Precipitation Exceeded 4.00 inches'

Rainfall Reported Cases of
for February and March, Coccidioides immitis

Year inches Infection, No.

Normal (1982-1990) .....1.9 253
1938 4.61 Not available

1978t. 6.68 451

1991 4.33 1,181

1992 4.00 3,292

'Source of data: Gavin Welch, Kern County Health Department.
tincludes infections also attributed to winter dust storm (from Pappagianis and

Einstein27).

TABLE 1.-Geographic Regions Recognized os
Endemic forCoccidioides immitis

Geographic Region or
Continent SpecificAreo

United States
Arizona ........ Southern deserts including the cities of

Phoenix and Tucson
California ........ Parts within or near the Central Valley of

the counties of Tehama, Butte, Glenn, Yolo,
San Joaquin, Alameda, Stanislaus, Merced,
Madera, Fresno, San Benito, Tulare, Kings,
Monterey, Kern, San Luis Obispo, Los Ange-
les, Ventura, Riverside, Imperial, and San
Bernardino; also the southernmost portion
of San Diego County

Nevada........ Southernmost tip
New Mexico........Portions of the southern third
Texas ........ Western portion, including the city of El

Paso, and along the western Mexican
border

Mexico ....... . Adjacent to the western US border, west-
ern portions of the states of Sonora, Na-
yarit, Jalisco, and Michoacan, and central
regions including Coahuila, Durango, and
San Luis Potosi

Central America...... The republics of Guatemala, Honduras,
Nicaragua

South America ...... Argentina, Paraguay, Venezuela, Colom-
bia, Brazil
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6 Histoplasma capsulatum
1 Blastomyces dermatitidis

26 Coccidioides immitis
12 Trichophyton rubrum

|64 Neurospora
10 crassa
- 24 23 Candida albicans

5 Saccharorryces cerevisiae

55 Pneumocystis carinhi
72 Spongipellis unicolor

92 Chytridium confervae

Figure 1.-This "tree" shows the genetic distances among species, based
on pairwise substitutions among Coccidioides immitis and 9 other fungi.
The number on each branch represents the number of DNA substitutions
inferred to have been fixed on that branch (redrawn from Bowman et all).

posure can be much more intense, such as during military
maneuvers'"43 or at archeologic excavation sites.25""'45 In
these circumstances, the likelihood of symptoms and
more widespread infection developing seems to be
greater. After infection, the incubation period before ini-
tial symptoms ranges from one to three weeks.

Pathogenicity appears largely related to spherule re-
sistance to eradication by even normal host defenses and
to the inflammatory response that they engender. Fungal
extracts can activate complement and attract human neu-
trophils in vitro.4,4' These observations are consistent
with the histologic finding of accumulated neutrophils,
eosinophils, and other evidence of acute inflammation
that is often present in portions of coccidioidal lesions.'8
Although measurable inhibition by neutrophils of ar-
throconidia and immature spherules has been reported,
these effects are lost as spherules mature, and neutrophils
show virtually no killing of any stage of coccidioidal
growth.3eA4549 The outer hyphal wall layer of arthroconidia
may in part be responsible for the resistance to phagocy-
tosis because physically shearing it from arthroconidia
makes them more vulnerable to neutrophil ingestion.5'
Moreover, a protease capable of digesting antibodies and
perhaps other opsonins has been isolated from spherules,
and this might also increase the resistance to fungal at-
tack.52'53 Finally, the wall itself may provide a substrate to
react with a variety of microbicidal intermediates that
neutrophils release during the oxidative burst, thus blunt-
ing their otherwise lethal effects.' In combination, these
observations suggest that the acute inflammatory re-
sponse may slow fungal proliferation, but ultimately it is
inadequate to arrest the disease process. Moreover, as
new spherules are propagated within the infected tissue,
they continue to be a source of acute inflammation, re-
sulting in progressive suppuration and tissue destruction.
Spherules of C immitis possess no known toxins,55 nor is
tissue infarction by vascular invasion a characteristic of
coccidioidomycosis.?

Even though neutrophils are incompletely effective in
controlling coccidioidal infection, other cellular defenses
may play a greater role before antigenic stimulation of
immunity. Using human peripheral blood natural killer
cells or mononuclear leukocyte fractions enriched for

monocytes, killing of endospores and arthroconidia, re-
spectively, has been demonstrated even with leukocytes
from patients without previous coccidioidal infection.57"59
An interesting speculation arising from these observa-
tions is the possibility that these cellular defenses might
eradicate early infections, conceivably without T-cell
help. If this were the case, enhancement of T cell-inde-
pendent defenses by response modifiers would be a
potentially effective means of treating coccidioidal in-
fections in patients with AIDS or others whose T lympho-
cytes are impaired.

T Cell-Mediated Immunity
A wide variety of studies have established T-lympho-

cyte immunity to C immitis as critical to the normal con-
trol of infections. An adoptive transfer of splenic lympho-
cytes from vaccinated mice protects recipient mice from
lethal coccidioidal infections."' Cytokines including inter-
feron gamma from such splenic lymphocytes promote
macrophage killing of endospores in vitro,6' and recombi-
nant interferon gamma produces the same effect with
murine peritoneal macrophages or human blood mono-
cytes.'2'" In humans, dermal delayed-type hypersensitiv-
ity, peripheral blood lymphocyte transformation, and the
elaboration of interferon gamma to coccidioidal antigens
are all evidence of T-cell immunity that normally devel-
ops after naturally acquired infection but is lacking where
infection is progressive."7' As is discussed later, patients
with T-cell deficiencies are particularly vulnerable to
widespread infections. Unrestricted infections may also
occur in some patients who seem to have a selective sus-
ceptibility to coccidioidomycosis and do not exhibit gen-
eralized anergy.72

Despite all of these observations that implicate a T-
cell requirement for controlling infection, details about
how the T-cell response is regulated are largely unknown.
Early studies of the protective effect of killed-spherule
vaccines indicated that vaccination does not prevent in-
fection but rather limits its spread.'3 More recently, com-
parisons of two inbred strains of mice, one sensitive and
the other resistant to experimental coccidioidomycosis,
indicate that both strains have delayed-type hypersensi-
tivity early after infection. In mice of the sensitive strain,
this reactivity is lost in association with increasing fungal
antigenemia.'4'5 In other studies, serum containing analo-
gous antigen activity was found to stimulate suppressor
cells.76 Whether similar events occur in humans is not
known, although antigenemia and circulating immune
complexes have been detected in patients during early
and more chronic illness."' Serum antibodies also de-
velop after infection, are of considerable diagnostic im-
portance (discussed later), and to some extent, differences
in the class of antibody response (especially immuno-
globulin [1g] E8') have been associated with differences in
clinical illness. Even though there is no evidence that an-
tibodies are protective, anti-idiotypic antibodies might be
involved in T-cell regulation in coccidioidomycosis, as
has been suggested in other diseases.82

Coccidioidal antigens used in past studies of T-cell re-
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sponses have been complex heterogeneous preparations,
and therefore a precise definition of the important anti-
gens is only beginning to be learned. Kirkland and co-

workers described a cell-wall antigen mixture from C im-

mitis that stimulates a murine T-cell line derived from a

mouse immunized with an attenuated strain of C immi-
tis."3 The T-cell line was also stimulated by mycelia-de-
rived coccidioidin but not with exoantigens of spherules
or irrelevant antigens. Also, a fusion protein was isolated
from a mycelia-derived complementary DNA library that
stimulated the T-cell line, and it is anticipated that a pri-
mary amino acid sequence will be learned from the con-

tinuation of that work. Another antigen has been isolated
from the walls of spherules.'8'1 Apparently a glycoprotein
in situ, the deglycosylated protein measures 33 kDa and
reacts selectively with both antibodies and T lymphocytes
from patients who have been infected with C immitis. Of
additional interest, the expression of this protein is great-
est in mature spherules and least in mycelia, a relationship
that corresponds closely to differences in the potency of
vaccines prepared from spherules or mycelia.8'A7 Work is
now underway to learn the full-length sequence and to
map regions that are important to both humoral and cel-
lular responses.

Clinical Consequences of Infection
After infection is established, the range of subsequent

manifestations is great (Figure 2). It is estimated that
about two thirds of patients have no illness or at least
have symptoms mild enough that medical attention is not
sought. The only evidence of such infections is likely to
be a positive coccidioidal skin test. The most common
form of infection within the endemic regions is a subacute
and usually self-limited pulmonary syndrome. In a few
patients, however, the pneumonic process leads to various
pulmonary sequelae, and in others, infection produces le-
sions outside the chest. Although these complications oc-
cur in only a small proportion of all infected patients, they
are the most common manifestations seen by physicians
outside of the endemic areas and may require extensive
medical attention. Thus, keys to the appropriate manage-
ment of patients with coccidioidomycosis are to rec-

ognize occurrences that are expected during a normal
uncomplicated primary infection and, conversely, to iden-
tify as early as possible the cases of unusual or more ex-
tensive infection.

Pulmonary Infection
Initial manifestations. The clinical features of primary

coccidioidal infection have recently been analyzed in 172
(97 male and 75 female) ambulatory University of Ari-
zona students who were diagnosed during the four years
before 1983 and their course compared with descriptions
of previous cases.8' The most frequent symptoms in-
cluded fatigue (77%) and pulmonary symptoms of cough
(64%), chest pain (53%), dyspnea (17%), and hemoptysis
(4%). Fever was present in 46% of patients, arthralgia or

myalgia was reported in 22%, and 22% had headache.
There was a trend for symptoms to be more numerous in

No symptoms
65%

Primary pneumonia
35%

Problems in
Management

No complications
(positive skin test)

Resolution'1
Pulmonary Extrapulmonary
ARDS Skin lesions
Nodule Abscesses
Cavity Arthritis
Empyema Osteomyelitis
Progression Meningitis

Figure 2.-The diagram outlines the clinical spectrum of coccidioidomy-
cosis. ARDS = adult respiratory distress syndrome

men than in women. The most common skin reactions
were a diffuse maculopapular evanescent rash (16% in
men, 7% in women) and erythema nodosum (3% in men
and 23% in women). Erythema multiforme is also well
recognized to occur in association with early infection
and may be more common in children."3 Chest radio-
graphs showed associated abnormalities of pneumonia
(41%), cavities (8%), or nodules (4%). Pleural effusions
were not noted in these patients, but are part of the spec-
trum of primary infection.8' Effusions are ipsilateral, and
cultures of pleural biopsy specimens usually grow C im-
mitis. In addition, hilar adenopathy, usually unilateral and
previously commonly noted on chest radiographs,"'09 was
not addressed in this review. The peripheral blood leuko-
cyte count usually was below 10 X 109 per liter (10,000
cells per V±l), but eosinophilia (greater than 5% of the to-
tal) was noted in 27% of patients. Erythrocyte sedimen-
tation rates were often elevated.

The typical pattern for initial illness is not easily dis-
tinguished from various other respiratory tract problems
by symptoms or from a routine medical visit. Yozwiak
and associates prospectively analyzed students with res-
piratory complaints for symptoms and routine laboratory
abnormalities that were significantly associated with coc-
cidioidal infection." By multivariant analysis, the follow-
ing six factors appeared to behave independently and
were used to construct a probability index for this infec-
tion: erythrocyte sedimentation rate above 28 mm per
hour, male sex, erythema nodosum, endemic residence of
less than four years, duration of symptoms less than one
week, and an absolute lymphocyte count of less than 1.6
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X 106 per liter (1,600 cells per p.l) (Figure 3).9 A small
proportion of patients with coccidioidomycosis had all six
factors present, and in those cases the scale was specific.
For most patients, fewer factors were present, and the risk
of infected and noninfected patients overlapped substan-
tially. Thus, in general, diagnosis requires a specific lab-
oratory evaluation, as is discussed in a later section.

Usual clinical course. Of 172 otherwise healthy col-
lege students, 161 recovered without therapy, and only 9
had pulmonary complications: slowly resolving pneumo-
nia in 6, persistent cavity in 2, and ruptured cavity in 1."
This is also the result for most cases complicated by
pleural effusion.' Despite this eventual resolution, there
was considerable cost and attendant morbidity.2 Even
without specific antifungal therapy for most patients, the
cost of medical services for these patients was estimated
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Figure 3.-The graphs show the distributions of the estimated likelihood
of coccidioidal infection among 556 patients seeking medical attention
for symptoms suggestive of coccidioidomycosis. The relative risk values
are based on a standardized scale from 0 to 1 in which 1 represents the
highest risk of disease. Graph A represents the relative risk distribution of
36 patients diagnosed with coccidioidomycosis. Graph B represents the
relative risk distribution for those in whom the evaluation for coccidioidal
infection was negative (hatched bars, n = 269 patients) and for those in
whom infection was indeterminate (cross-hatched bars, n = 287 patients)
(reprinted from Yozwiak et al,93 with permission).

to be more than $70,000 (1983 dollars), and a similar cost
was incurred in other patients without coccidioidomyco-
sis in whom the diagnosis was entertained. The number of
clinic visits required averaged more than six per student,
about twice as many as for patients with mononucleosis,
and management often extended for several months.
Thus, even though the infection typically resolves, man-

agement commonly requires considerable attention over
a protracted period of time.

Nodules. Coccidioidal pneumonia in about 5% to 7%
of patients will evolve to form sharply circumscribed ra-
diodense lesions, usually solitary and less than 6 cm in di-
ameter. In most patients, these lesions are associated with
no symptoms, and if a progression from the original coc-
cidioidal pneumonia to the residual nodule is docu-
mented, then further evaluation is rarely necessary.

The major difficulty posed by these lesions is their re-
semblance to carcinoma. In a review of 200 solitary pul-
monary nodules surgically resected from patients within
the coccidioidal endemic region, 33.5% were found to be
malignant.9' Unfortunately, there are no accurate noninva-
sive means to exclude cancer. In 86% of persons with be-
nign pulmonary nodules, serum anticoccidioidal antibod-
ies are undetectable. Coccidioidal skin tests are often
reactive, but this does not assure that the pulmonary le-
sion is not a second process. Because many of the lesions
are peripheral, bronchoscopic biopsy frequently produces
nondiagnostic tissue, and until recently most patients re-
quired a thoracotomy to remove the lesion. In reviewing
the results from percutaneous fine-needle aspiration in
348 patients from medical centers within Phoenix, Ari-
zona, Forseth and colleagues reported that 101 (29%) le-
sions yielded either spherules on smear or C immitis on
culture,95 thus saving the patient a more invasive proce-
dure. Others have reported similar results.9'

Cavities. Another possible sequela of the initial coc-
cidioidal pneumonia is the development of a pulmonary
cavity.'79" This occurs in about 5% of patients, and typical
cavities are solitary, thin-walled, and peripheral (Figure
4). Cavitation is unusual in children"9," and less frequent
in young adults than in older adults. The cavities are com-
monly asymptomatic, and about 50% will disappear
within two years of their occurrence. Some cavities do
cause problems, especially if radiographs show a sur-
rounding infiltrate or an air-fluid level. Occasionally coc-
cidioidal mycetoma can develop."'-"' Common symp-
toms include cough, constant but relatively scant sputum
production, chest pain in the region of the cavity, and he-
moptysis. Fever, night sweats, or weight loss may also be
present but are less frequent. Although infection occa-
sionally spreads to contiguous segments of the lung, the
process usually remains restricted to the original site of
involvement. Diabetes mellitus is regarded as a risk for
heightened morbidity associated with cavities,'"' but the
documentation for this is not conclusive.

Considering the peripheral location of many coccid-
ioidal cavities, rupture into the pleural space is a surpris-
ingly infrequent event and most often develops in other-
wise healthy young adults. In a series of 23 patients with
this complication,'07 male patients outnumbered female
patients 17 to 6, the median age was 24 years, 19 patients
were white, and only 2 had diabetes mellitus. Of interest,
only 8 patients had known of their infection before rup-
ture. The symptoms are similar to those of a spontaneous
pneumothorax, which is often the initial impression, lead-
ing to a possible delay in diagnosis. A useful differentiat-
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ing point is the presence of an air-fluid level evident on
chest radiograph in the pleural space that is typical of a
ruptured cavity and unusual for a spontaneous pneumo-
thorax. Once a ruptured cavity is identified, the mainstay
of treatment is surgical repair.'07

Diffuse coccidioidal pneumonia. Diffuse involvement
of the lungs most commonly is the result of reticulonodu-
lar infiltrates (Figure 5) caused by hematogenous spread
of the fungus'08 and is a manifestation of widespread in-
fection. This is almost always a complication that occurs
in immunocompromised patients, such as those with lym-
phoma, organ transplants, or AIDS.Y","" Diffuse pneu-
monia can also be the result of primary infection develop-

Figure 4.-The chest radiograph is from an otherwise healthy patient with
pulmonary coccidioidomycosis. Note the thin-walled cavity in the upper
lobe of the right lung.

ing in many parts of the lung simultaneously. Because
ambient exposure within the endemic regions is unlikely
to result in a high inoculum exposure, a history of unusu-
ally intense exposure rather than immunosuppression is
more typical. In some instances, the radiographic differ-
entiation of multicentric primary infections from diffuse
reticulonodular infiltrates may be difficult.

A few patients have infections that progressively in-
volve greater and greater portions of the lung."' Symp-
toms often persist for years and include weight loss and
fever in addition to those directly referable to the chest.
Radiographs are characterized by both inflammatory in-
filtrates and fibrosis, often including bilateral apical cavi-
tation, and these features distinguish this process from the
more acute formns of diffuse pulmonary involvement.

Manifestations ofExtrapulmonary Lesions
Infections due to C immitis outside the chest are al-

most always the result of hematogenous spread from an
initial pulmonary focus. The fungus may spread asymp-
tomatically outside the lungs more frequently than is din-

ically appreciated. For example, Rodenbiker and co-
workers performed full ophthalmologic examinations on
53 patients with previous self-limited coccidioidal pneu-

Figure 5.-The chest radiograph shows coccidioidal infection in a patient
also infected with the human immunodeficiency virus. Note the reticu-
lonodular infiltrates throughout both lungs.

monia and found asymptomatic chorioretinal scars typi-
cal of coccidioidal lesions in 4 (7.5%). "' Similarly, some
patients with transient recovery of C immitis from urine
cultures had no identified extrapulmonary lesions and
were managed without antifungal therapy."4 Thus, for a
clinically relevant definition, disseminated infections
should include the identification of one or more destruc-
tive extrapulmonary lesions. Supraclavicular adenopathy
is thought to represent thoracic extension by the lym-
phatic system,"'5"6 but should be considered disseminated
lesions and treated similarly to those resulting from he-
matogenous dissemination.

Extrapulmonary lesions most commonly involve skin,
joints, bones, and meninges. The frequency of lesions oc-
curring in these various anatomic locations has been esti-
mated in the past,56"' but many of the cases were identi-
fied because they were fatal, and it is possible that the
record of disseminated infection is distorted as a result. A
set of several hundred clinical case records was collected
by an Armed Forces-Veterans Administration collabora-
tion in the 1 950s, before the availability of effective anti-
fungal therapy, but a description of this group of patients
has only recently been undertaken."' It is hoped that con-
tinued analysis of these records will provide a more quan-
titative picture of the various manifestations of dissemi-
nated infection.

Nonmeningeal sites ofdissemination. The skin is the
most common site of extrathoracic spread. Although cu-
taneous infections may occur anywhere, they often de-
velop on the face (Figure 6). Papules and verrucous le-
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sions are typical, but superficial plaques or subcutaneous
abscesses also occur."9 Symptoms associated with these
lesions are often minor and evidence of acute inflamma-
tion on examination only slight. The histopathologic fea-
tures of these varied lesions range from necrosis to gran-
ulomatous reactions and satellite lesions.'20 Skin biopsy of
these lesions usually yields C immitis in culture, although
finding spherules microscopically may be more difficult.

Bones and joints are also frequent sites of dissemina-
tion. Knee infection is common, often being a pure sy-
novitis without evidence of bone involvement. In other
cases, joint infections are more likely to have contiguous
osteolytic lesions seen on x-ray films, most frequently in-
volving vertebrae, wrists, hands, ankles, feet, pelvis, and
long bones, in that order.'21"122

Figure 6.-A skin lesion is shown on a patient with disseminated coccid-
ioidomycosis.

In addition to skin and skeletal infections, lesions can

occur anywhere throughout the body. For example, recent
reports have focused on infections of the sella turcica,'23
the eye,"24 the larynx,"25'27 the external ear,1',219 the thy-
roid,'"M the peritoneum,"3"'32 prosthetic grafts of the fem-
oral artery,'33 the placenta during pregnancy,"TM the female
genital tract,'35," intestinal tract,'37 the liver,138139 urinary
bladder,""' and other urologic sites.'4"'-"

Meningitis. A recent review of the natural history of
coccidioidal meningitis has focused on the clinical course

of 25 patients with meningitis that was diagnosed before
the availability of antifungal therapy."'8 In that analysis,
the most common symptoms of central nervous system
involvement were headache (76%), vomiting (32%),
nuchal rigidity (26%), confusion (8%), and diplopia
(8%). The chance that meningitis occurred as the sole site
of dissemination or as one of numerous sites was about
equal. Patients with multisite dissemination had a median
survival of 2 months whereas those whose dissemination
involved solely the meninges had a median survival of 11

months. This confirms earlier reports that coccidioidal
meningitis is nearly always lethal in two years."-"" In ad-
dition, other reports have identified a few patients in
whom signs of cerebral or spinal vasculitis develop."49,"

Initial cerebrospinal fluid (CSF) findings included

leukocyte counts ranging from 98 to 1,250 X 106 cells per
liter (98 to 1,250 cells per ,lI), and about two thirds of the
cells were mononuclear. In a recent review it was noted
that 70% of patients also have CSF eosinophilia (>10 X
106 cells per liter or >0.10 eosinophils). "I An unexpected
finding from this study was that CSF pleocytosis tended
to fall over time. Although an explanation for this pattem
is not certain, the decrease could result from fibrosis en-
capsulating the foci of inflammation. Other CSF findings
included protein concentrations ranging from 0.61 to 2.52
grams per liter (61 to 252 mg per dl) and glucose concen-
trations ranging from 0.5 to 4.1 mmol per liter (9 to 74 mg
per dl).

Hydrocephalus is a common complication of coccid-
ioidal meningitis, and in children it is usually present at
the time of diagnosis.'52 Although the presence of dilated
lateral ventricles and other findings by computed tomo-
graphic scanning have been adequate for detecting this
problem, magnetic resonance imaging has been necessary
to evaluate the aqueduct of Sylvius for patency.'53 Often
hydrocephalus is a communicating type, as shown in Fig-
ure 7. In such cases a lumboperitoneal shunt is feasible
and may offer some advantages over a ventriculoperi-
toneal shunt, which was most commonly installed in the
past.

Figure 7.-A magnetic resonance image of a patient with coccidioidal
meningitis complicated by hydrocephalus shows the third ventricle to be
enlarged, but the aqueduct of Sylvius is patent, as indicated by the arrow.

Primary extrapulmonary inoculation. Rarely, cuta-
neous lesions can develop as the result of direct inocula-
tion and do not represent extension from a pulmonary
focus."`"8 Primary cutaneous lesions develop painful
suppurative sores, often with regional adenopathy, and
usually heal without antifungal therapy.

Predispositions to Extrapulinonary
Spread ofInfection

Human immunodeficiency viral infection. Before
1987, only five patients with coccidioidal infection as a
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complication of AIDS had been reported."'9-'63 A report by
Bronnimann and associates, however, described seven
cases in Pima County, Arizona, and estimated that the an-
nual risk of infection might be as high as 28% per year."'
A subsequent prospective study has been carried out in
the Phoenix and Tucson areas during a four-year period
to determine more accurately the incidence of active coc-
cidioidal infections occurring in patients infected with the
human immunodeficiency virus (HIV).'" Results from
that study indicated with 95% confidence a risk of active
infection to range from 8% to 41% during the period of
study. This makes coccidioidomycosis one of the most
frequent life-threatening complications for HIV-infected
patients within the regions endemic for C immitis.

Why these rates are higher than for estimated skin-
test-conversion rates for immunocompetent patients2' or
rates of infections for other immunosuppressed patient
groups22 is not clear. One possibility is that endemic ex-
posure is higher than skin-test-conversion rates reflect. If
this is the case, natural host defenses that normally pre-
vent infection before T cell-dependent immunity is pro-
duced may be impaired in HIV-infected patients. An al-
ternative explanation is that a reactivation of previously
quiescent infections is contributing to the rates. Support-
ing this contention were the findings that overt infection
was significantly associated with heightened immunode-
ficiency-CD4+ count <250 cells X 106 per liter, an es-
tablished diagnosis of AIDS, and anergy to noncoccid-
ioidal skin test antigens. Other factors, such as a history
of previous coccidioidomycosis, prolonged residence
within the endemic area, or the presence of a positive coc-
cidioidal skin test, did not show a similar correlation as
might be expected if reactivated latent disease was impor-
tant. Clearly this issue needs resolving for physicians to
counsel their patients.'65

The clinical profile for coccidioidomycosis in HIV-in-
fected patients was developed by a retrospective review
of 77 previously unreported cases."' The most common
presentation, occurring in 31 (40%) of the patients, was
the radiographic finding of diffuse bilateral reticulonodu-
lar infiltrates (Figure 5). This was a serious illness for
which the median survival was only one month, and the
density of spherules within the lung tissue was great.'"
On the other hand, 20 patients (26%) had unilateral focal
pulmonary infiltrates as their presenting complaint. Infec-
tions in these patients manifest a clinical course that
would be difficult to distinguish from that of patients
without HIV infection, and in this group during the period
of follow-up after diagnosis, only 2 patients had died. An-
other 20 patients had various forms of extrathoracic dis-
semination including meningitis (9 patients), inguinal and
other adenopathy (5 patients), skin lesions (4 patients),
and hepatic lesions (2 patients). The course of these pa-
tients' infections varied widely, with many surviving for
prolonged periods of time. In the remaining 6 patients, fo-
cal lesions were not evident and diagnosis was by sero-
logic tests only. This last group also had more favorable
survival times. Other complications have included peri-
tonitis'3' and brain abscess.'67

Many HIV-infected patients have had great difficulty
handling coccidioidal infections, and for them treatment
is critical. A few patients have been able to resolve their
illness without treatment, and so it is possible that se-
lected patients might be best served without an early ini-
tiation of therapy. As summarized in Table 3, treatment is
nearly always indicated in patients with extrathoracic le-
sions, in patients with bilateral reticulonodular pulmonary
lesions that are usually associated with fungemia, and in
patients whose CD4+ counts are low. On the other hand,
because a positive skin test does not predict increased risk
of reactivation, it is not in itself an indication for treat-
ment. Moreover, a few patients who otherwise appear to
be immunologically intact and to be handling their infec-
tion might well benefit from not beginning therapy. This
last approach could save both cost and possible toxicity
but is likely to produce anxiety in both patient and physi-
cian and would require close observation and frequent
reevaluation.

Organ and bone marrow-transplant recipients. A re-
nal transplantation program was established in southern
Arizona in 1970, and its experience with coccidioidomy-
cosis developing in patients with kidney transplants was
reviewed in 1980.22 The annual risk of infection was ap-

proximately 6% in the first year after engraftment and de-
creased to about half of this for subsequent years, roughly
comparable to estimates of skin-test-conversion rates for
the general population in the same area. The difference in
the first year has been thought to be related either to reac-

tivation (analogous to the possibility with HIV-infected
patients) or to higher levels of immunosuppressive med-
ications. Despite the relatively low incidence, infections
progressed to dissemination in 12 of 18 patients and to
death in 10. A similar rate of infection occurred in heart-
transplant recipients, but dissemination and death oc-

curred less frequently than in patients receiving kid-
neys. 168,169

Because specific instances of the reactivation of pre-
vious coccidioidal infection after organ transplantation
have occurred at centers outside the regions endemic for
the fungus,"7'"" the safety of proceeding with organ trans-
plantation in patients with a history of infection is in ques-
tion. Recently we\reviewed the records of 656 organ re-

cipients from out renal and cardiac transplantation
programs and identi ed 9 cases of coccidioidal infections

TABLE 3.-Guidelines for the Treatment ofPotients
Infected With the Human Immunodeficiency Virus

Who Have Coccidioidomycosis

Treatment indicated if
Extrathoracic dissemination
Diffuse pulmonary infection
Any infection in the presence of a CD4* count < 250 X

106/liter
Observation indicated if

Asymptomatic positive skin test
Localized pulmonary infection, CD4+ count is normal, and ill-

ness is resolving
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that had occurred before the patients received their
grafts.173 Five of these patients received one or another
form of antifungal therapy after transplantation; in this
group, no recurrent infections developed. In contrast, four
patients received no antifungal therapy, and in two of
them, recurrent coccidioidomycosis developed, and they
died as a result. In addition, both of these patients were on
heightened immunosuppressive therapy for acute rejec-
tion, another factor that might have contributed to recur-
rence. Also identified in our review were 11 other patients
with positive coccidioidal skin tests before they received
heart transplants. None of these had postoperative anti-
fungal therapy, and none have had the infection recur.

This experience represents a beginning at understand-
ing this problem and can be used to formulate tentative
guidelines for evaluating and managing transplant candi-
dates (Table 4). First, as with HIV-infected patients, a re-
active coccidioidal skin test is a poor predictor of reacti-
vation after immunosuppression. Second, as part of the
transplantation evaluation, an extensive residence and
travel history should be obtained to identify those who
need screening coccidioidal skin tests. Three of our pa-
tients, including the two who ultimately died of recurrent
infection, were identified only by serologic screening.
Finally, our findings suggest that those with past coc-
cidioidomycosis or positive pretransplantation serolo-
gic tests may need postoperative antifungal therapy to
prevent reactivation. Whether these recommendations
should be modified or expanded in the future will require
experience with the management and outcome of more
cases. To facilitate the exchange of this information, a
data base has been established at the University of Ari-
zona that can be reached using my address (see reprint re-
quest footnote at beginning of article). It is hoped that
physicians who have experience with organ transplanta-
tion in individual patients with previous coccidioidal in-
fections will contribute their observations to this resource
so that increasingly rational guidelines can be developed.

Otherforms of immunosuppression. A seminal report
establishing C immitis as an opportunistic pathogen was
that of Deresinski and Stevens, who reviewed the experi-
ence at Stanford University Medical Center (Palo Alto,
California). They noted that infections were more likely
to disseminate in patients with Hodgkin's disease than in
those without immunosuppressing diseases or treat-
ments."10 In another report from the University of Ari-

zona, 16 of 126 coccidioidal infections treated at that cen-
ter were in patients with malignant neoplasms, uremia,
collagen-vascular diseases, or those who had received re-
cent immunosuppressive drug therapy.'74 In the immuno-
suppressed group, the rate of dissemination was 50%, and
all had received immunosuppressive therapy. In both re-
ports, the severity of the infection was wide ranging, with
some patients surviving more than three years after the
onset of their infection despite immunosuppression. Al-
though coccidioidomycosis has not been frequent in those
receiving bone marrow transplants, three centers (two
outside of the endemic regions) have each had a patient
with this complication.'75

Other acquired predispositions. Pregnancy has been
regarded as a risk for women, especially during the third
trimester and the peripartum period. In reviewing 74 pub-
lished reports and 41 unpublished cases from Pappagia-
nis, Peterson and colleagues indicated that of 38 women
in whom coccidioidomycosis was diagnosed in the third
trimester, 26 (68%) had disseminated disease and 18
(47%) died.'7' With amphotericin B treatment of first- and
second-trimester infections, mortality was 19% compared
with 66% in untreated patients. In contrast, of 23 patients
diagnosed during their first trimester, only 5 had dissemi-
nated disease and 3 died. Usually the infants were unin-
fected, although neonatal coccidioidomycosis has been
reported.""'78 These alarming statistics included early re-
ports from central California in which the general health
of some of the women was poorer than is likely the case
today. Moreover, even with relatively low estimates of
annual infection rates and the number of pregnancies per
year within the endemic regions, the predicted number of
serious infections from coccidioidomycosis is far greater
than obstetricians practicing in these areas have found.
This point was documented by Wack and co-workers by
surveying the number of coccidioidal infections reported
among 47,120 pregnancies.'79 Although 178 infections
would be expected during the third trimester, assuming
the annual risk is 3% and 50% of the women had not had
a previous infection, these authors were able to find only
10. Four infections were presumptive diagnoses only,
none resulted in death, the delivered infants were healthy
(two women had elective abortions not related to infec-
tion), and only two infections progressed to dissemina-
tion. Nonetheless, both cases of disseminated infection
occurred in women whose infection began late in their
third trimester, other case reports continue to describe a
similar pattem,"'ll82 and recent in vitro studies have
shown a blunted lymphocyte response to coccidioidal
antigens near term and postpartum.'" Taken together,
these observations suggest that within the endemic area
coccidioidal infections actually occur fairly infrequently
during contemporary pregnancies. Moreover, when
symptoms of coccidioidomycosis do occur late in or soon
after pregnancy, they are often associated with serious
complications.

Genetic factors. Whether certain racial groups are at
higher risk of having disseminated lesions has been a
topic of extensive debate. Disseminated infections have

TABLE 4.-Guidelines to Prevent Recurrent
Coccidioidomycosis After Organ Transplantation

Patient Finding Disposition

History of endemic exposure........ Test for coccidioidal anti-
bodies and consider giving
antifungal drugs during treat-
ment of acute rejection

Positive skin test ................. Same as for history of en-
demic exposure

History of coccidioidal illness ....... Give antifungal drugs after
engraftment or if antibodies
are detected
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developed in Filipinos, African Americans, Mexican
Americans, and Native Americans out of proportion to
their representation in the general population, and as a re-
sult it has been suggested that this might be due to genetic
differences. From early data, Filipino patients accounted
for 22% of the reported cases of dissemination whereas
they constituted only 0.25% of the general population.'86
This proportion was 175 times higher than for whites.
Critical analysis of the methods used in those reports has
raised questions about whether the intensity of exposure,
nutrition, or the presence of other diseases might be more
important factors than race.'85 Observations during a se-
vere California dust storm in 1977, in which exposure
was unlikely to be biased, have reasserted that differences
in a predisposition to dissemination between races do in
fact exist. In one report, patients identified through con-
tact with a reference serologic laboratory were catego-
rized either as having disseminated infection or as being
symptomatic without dissemination.'86 It was reported
that infection in 53.8% of African-American patients and
38.4% of Asians (including Chinese, Japanese, Korean,
and Vietnamese but excluding Filipinos) was classified as
disseminated, in contrast to that in only 11.2% of white
patients. A similar pattern with a smaller number of cases
was reported from a naval base after the same dust
storm.'87 Thus, at present it appears likely that African-
and Asian-American patients are at greater risk than are
whites.

Other evidence of genetic links to disseminated infec-
tion is derived from an association with specific blood
groups. Deresinski and associates reported that dissemi-
nated infection was disproportionately common in pa-
tients with blood group B.'8" Similarly, Cohen and col-
leagues showed dissemination to be associated with both
the B and AB blood groups in kidney transplant recipients
or those undergoing hemodialysis.22 The significance of
this association has not been developed, although it is pre-
sumed to relate to the linkage of blood group antigens
with immunoregulatory genes. If this is the case, then it
would be expected that dissemination would also be asso-
ciated with one or another HLA type. Although early
studies have failed to demonstrate this,'89 contemporary
typing methods have not been applied to the question.

Diagnostic Approaches
Culture ofthe Organism and Its Identification

The definitive method of establishing the diagnosis of
coccidioidomycosis is by isolating the fungus from a clin-
ical specimen. Coccidioides immitis is not fastidious and
readily grows on most media used in clinical microbiol-
ogy laboratories. It is also a fairly rapidly growing fun-
gus, often detectable within five days and sometimes as
early as two days after the medium has been inoculated.

Colonial structure of the mycelial phase is not diag-
nostic, and further studies are necessary to establish the
identity of the organism. In the past, this was done by
inoculating mice or using special in vitro procedures to
produce endosporulating spherules'l8"9' or by extracting
mycelial growth with thimerosal (Merthiolate) to test for

a species-specific antigen.'92""3 Another approach has
been to grow specimens on a commercial medium that in-
dicates the presence of C immitis by a color change. Un-
fortunately, this strategy has not yet become sufficiently
specific for clinical use.'94 More recently, a species-spe-
cific DNA probe has become available in a commercial
kit so that species can be identified on the day that growth
is detected.'95

Despite the value of recovering C immitis in culture,
this poses a possible risk to laboratory personnel because
the mycelial phase is highly infectious.2429 For this reason,
if a mycelial organism is observed in a culture, the petri
dish or container should not be opened except in a bio-
logic containment cabinet and by experienced personnel.
Similarly, if infection due to C immitis is suspected, cli-
nicians should note that possibility on the laboratory re-
quest slip.

More rapid than culturing C immitis and equally spe-
cific are identifying spherules in infected tissue or cy-
tologic preparations.'961-1 Although occasionally other
structures may resemble spherules,1"202 this seldom poses
a problem. In difficult cases, viewing the hematoxylin-
eosin-stained structures under fluorescent light can some-
times be helpful because C immitis will autofluoresce.2"
The direct examination of specimens is faster than grow-
ing C immitis in culture but is not as sensitive.2"6 There-
fore, both procedures should routinely be requested from
the laboratory.

Antibody Detection
For the past half century, detecting anticoccidioidal

antibodies has been an important means of establishing a
diagnosis of coccidioidomycosis.2"5"2" A thorough discus-
sion of conventional testing procedures was published re-
cently' and is beyond the scope of this review. It may be
useful, however, to summarize the types of testing cur-
rently available, some new information emerging about
the nature of the fungal antigens used to detect antibod-
ies, and new approaches that are under development for
future use.

The two major antigens used to detect anticoccid-
ioidal antibodies are the tube precipitin-reacting (TP)
antigen-so called because of the precipitin button that
formed in the bottom of the test tube in the originally de-
scribed "tube precipitin" test-and the complement-fix-
ing (CF) antigen. During primary infections, IgM anti-
bodies against the TP antigen are usually found in serum
earlier than CF antibodies and disappear sooner, although
exceptions to this rule can occur. In contrast, TP antibod-
ies are not usually found in more chronic infections
whereas CF antibodies are typical. The concentrations of
TP antibodies have never been related to the prognosis.
On the other hand, the concentration of CF antibodies is
generally in proportion to the extent of disease, and by
standardized laboratory procedures, detecting antibodies
in dilutions greater than 16-fold is significantly associated
with extrapulmonary infections. The ability of CF anti-
bodies to activate complement and to persist for long pe-
riods is typical of IgG immunoglobulins.
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Although the traditional methods for detecting anti-
TP or anti-CF antibodies are well established, neither is
available as a commercial kit, and both are difficult to
adapt to general-purpose clinical serologic laboratories
for occasional use. In their stead, dual immunodiffusion
procedures that can be more readily supplied commer-

cially have been developed as surrogate procedures to de-
tect antibodies of the same specificity as the original TP
and CF tests."217 Although the immunodiffusion tests are

considered to be highly specific and at least as sensitive
as the original methods, this evolution has introduced
some confusion in terms because there are two immuno-
diffusion tests, one mimicking the TP test (IDTP) and the
other mimicking the CF test (IDCF), depending on the
reagents used (Table 5) 208-212,214,219,221 Like the TP test, the
IDTP results are reported qualitatively as either positive
or negative. Usually the IDCF is also reported qualita-
tively, and, if positive, would be followed by the standard
CF test to obtain quantitative results.

Other tests are available for detecting coccidioidal in-
fections but are at this time of more limited value. Latex
agglutination tests have been used with some degree of
success and have been recommended by some as a rap-
id method for screening serum for more specific stud-
ies.21S220 More recently, an enzyme-linked immunosorbent

assay has been introduced that has also been proposed for
screening and may be more specific than latex tests.221 Al-
though useful, the results from these methods have not
yet been extensively correlated with results from TP or

CF tests.
As useful as detecting anticoccidioidal antibodies has

been for diagnosing coccidioidomycosis, negative studies
do not exclude the diagnosis. This is especially the case

early in the course of primary infection'8 or in immuno-
suppressed patients. For example, a third of patients with
AIDS in whom bilateral reticulonodular pulmonary infil-
trates develop have had undetectable anticoccidioidal
antibodies by conventional tests.",222 More sensitive pro-
cedures such as radioimmunoassay or enzyme-linked im-
munosorbent assay may improve antibody detection but
require much more purified antigens to avoid nonspecific
activity. Purifying relevant antigens has not been easy be-
cause extracts of C immitis are complex and their glyco-
protein nature has posed technical difficulties for good
separation. In recent years, both TP and CF antigens have
begun to be characterized in some detail.21'2l7,22227 As a re-

sult, it is possible that synthetic or recombinant antigens
should become available as reagents in the future.

Fungal Antigen Detection
Rather than rely on a patient's humoral response, an

alternative serologic approach to diagnosis is to assay for
circulating antigens of the fungus itself, as has proved
useful in histoplasmosis.rn'229 Several studies have re-

ported detecting coccidioidal antigens in the serum of pa-
tients with either acute or chronic infections (Table 6).
The move from these observations to a clinically avail-
able procedure has not yet occurred, however. As with
antibody detection, the availability of more purified
reagents will likely result in assays that are within the
competence of clinical laboratories.

Defining the Extent ofInfection
Once a diagnosis has been established, it is important

to determine whether the infection has spread beyond the
chest and, if so, how extensively. As was discussed ear-

TABLE 5.- CommerciallyAvailable Diagnostic Tests for Coccidioidomycosis

Correlation With Reference Tests
Tube Complement

Precipitin Fixotion
Commercial Kit Test (TP) (CF) Comment Source

Immunodiffusion TP (IDTP) ... Yes No Has largely supplanted the original Kaufman et al, 1985208; Huppert and Bailey,
TP, even in reference laboratories 1963210; Huppert and Bailey, 1965212

Immunodiffusion CF (IDCF) .... No Yes Usually used as a screen with quanti- Johnson et al, 1984209; Huppert and Bailey,
tation provided by CF test 1965211; Wieden et al, 1983214

Latex................... Yes No Screening test only; should always be Huppert et al, 1968219
confirmed

ELISA ................... Yes Yes New test; full validation awaits fur- Gade et al, 1992221
ELISA = enzyme-linked immunosorbent assay therdocumentation

TABLE 6.-Detecting Circulating CoccidioidalAntigen as a Diagnostic Test

Cases Findings Source

Mice
Acute infection................... Transient antigenemia* Cox and Kennell, 1988'5

Patients
Acute infection................... >50% with antigen in first 2 weeks* Galgiani et al, 198280
Chronic pulmonary infection .............. 73% with immune complexes containing coccidioidal antigen Yoshinoya et al, 198077
Disseminated infection ................... 56% with antigen+- Weiner, 1983 713

'Results were obtained using an enzyme-linked immunosorbent assay.
tResults were obtained using a radioimmunoassay.
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Figure 8.-Imaging techniques are shown that were used to define the extent of disseminated coccidioidomycosis in a
patient. A, A bone scan was done because of a complaint of minor lower back pain; it showed subtly abnormal uptake in
the second lumbar vertebra. B, Tomographic scanning of the second lumbar vertebra produced higher resolution and
demonstrated asymmetry of the abnormal uptake. C, Planar radiographs confirmed a lytic lesion to be present in that re-
gion. D, Magnetic resonance imaging of the spine confirmed the findings in the second lumbar vertebra and also showed
a lytic lesion in the fourth vertebra with associated abscesses in the surrounding muscles. These images were used to fol-
low the progress of therapy and to determine the need for surgical debridement in addition to antifungal therapy. (A, B,
and D are courtesy of Maria C. Tartak, MD, and Kelly McAleese, MD.)

lier, coccidioidal lesions often include an acute inflamma-
tory component, and as a clinical correlate, they usually
exhibit a focal nature. For this reason, a careful history
and physical examination that detects no recent unex-
plained complaints of pain or evidence of inflammation is
a sufficient evaluation for the possibility of extrathoracic
spread for most patients with early respiratory tract infec-
tions. The presence of such symptoms should lead to
more specific diagnostic imaging studies, which might in-
clude plain radiographs, computed tomographic scans,

magnetic resonance studies, ultrasonograms, or nuclear
isotope scans (Figure 8).231 Headache is a frequent
symptom of patients with early coccidioidal infections,
and, fortunately, in most patients it does not indicate the
presence of meningitis. But for patients with persistent
headache or headache associated with nausea, vomiting,
mental status changes, or other neurologic findings, a
lumbar puncture is indicated to examine the CSF for the
presence of pleocytosis, depressed glucose concentration,
elevated protein concentration, or CF antibodies.
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Therapeutic Strategies
Initial Pulmonary Infections

Clearly most primary coccidioidal infections resolve
without therapy. Furthermore, despite the availability of
new antifungal agents for the treatment of primary infec-
tions, there in fact exists no persuasive evidence that any
treatment is useful for either shortening the course of the
initial illness or preventing more serious problems from
arising. Although it is likely that some patients with an
initial infection would benefit from treatment, physicians
within the endemic areas do not agree about who should
be treated or for how long.

The patients for whom there is the most agreement are
those whose T-cell immunity is deficient, as indicated
earlier. The selection of therapy for such patients follows
the guidelines I outline for extrapulmonary dissemina-
tion. A second group that is perhaps likely to benefit from
therapy are those with infection produced by a large num-
ber of arthroconidia simultaneously because the likeli-
hood of complications in this group appears to be higher
than in persons with the usual endemic exposure.44 The
goal of such therapy is to inhibit fungal proliferation tem-
porarily as host immune responses develop for continued
control. Because rapidity of drug action may be important
in this situation, many physicians think that amphotericin
B is the preferred antifungal agent and that treatment
should be continued for a cumulative dose of at least 1.0
gram (for a recent review of the use of amphotericin B,
see Gallis and co-workers).2 Once a patient has im-
proved, therapy may be completed over an additional sev-
eral months with an oral azole antifungal agent such as
ketoconazole, fluconazole, or itraconazole.

Finally, there are other patients with symptoms and
extent of pulmonary infection that are compelling, but the
threshold for these indications is not the same for differ-
ent physicians, and, again, there are no results from clini-
cal trials to help with this decision. Patients in that cate-
gory most likely should be given a trial of a month to a
year of treatment with an oral azole agent.

Chronic Pulmonary and Extrapulmonary
Dissemination (Excluding Meningitis)

In 1957, amphotericin B was first reported to be effec-
tive for the treatment of coccidioidomycosis in a patient
with cutaneous lesions of the face.' Since then the docu-
mentation for amphotericin B efficacy in this disease has
been surprisingly scant. Hardenbrook and Barriere re-
viewed the literature for amphotericin's efficacy in coc-
cidioidomycosis, and these authors were able to identify
103 patients in 34 publications.' Only seven reports in-
cluded more than four patients. Overall, 73 patients re-
sponded to treatment. These reports are complemented by
more than three decades of unpublished experience that
has resulted in a consensus that the most fulminant cases
of coccidioidomycosis are best treated with amphotericin
B. On the other hand, many patients do not have fulmi-
nant infections, but rather have chronic or subacute mani-
festations. This group of patients has been the focus of

several clinical trials of azoles.3g239 A review of newer an-
tifungal agents and their pharmacology has been pub-
lished recently.'

For the past decade a large collaborative effort, spon-
sored by the National Institute of Allergy and Infectious
Diseases and now known as the Mycoses Study Group,
has brought focus and systematic approaches to the study
of coccidioidomycosis and to other invasive fungal infec-
tions. A workshop report published in 1980 laid the foun-
dations by outlining study design requirements."' Over
the past decade, a standardized approach has evolved for
assessing response to therapy. The studies shown in Table
7 were not done for strict comparison.1'23' Even so, com-
parison is useful to some extent because the studies were
carried out by the same collaborative group and, except
for the study of ketoconazole, they followed uniform
methods of measuring response.

The 400-mg-per-day doses of itraconazole and flu-
conazole were similar to the 200-mg-per-day dose of Sch
39304. As shown in Table 7, relapses of responding pa-
tients were encountered after drugs were stopped, so the
rates for durable responses were lower. It should be em-
phasized that the ketoconazole results were estimated us-
ing more stringent criteria of response, and, to a large ex-
tent, this difference may account for the discrepancy
between its lower response rates as compared with those
obtained with the newer agents. In fact, these results do
not clearly indicate the superiority of any one of the
newer drugs over ketoconazole. This may be a particu-
larly important point to bear in mind because the newer
agents are considerably more expensive and because
none have yet obtained US Food and Drug Adminis-
tration endorsement for the treatment of coccidioido-
mycosis.

Also shown in Table 7 are untoward events that were
possibly attributable to the drugs used in the various stud-
ies. Using 400 mg per day, about 95% of patients could
tolerate prolonged courses of ketoconazole, itraconazole,
or fluconazole. When higher doses of ketoconazole were
used, side effects clearly became more numerous. Not ap-
parent from these figures are differences in minor but
nonetheless discomforting gastrointestinal side effects,
and, in general, most investigators think that the newer
triazoles such as fluconazole and itraconazole are better
tolerated than ketoconazole. In January 1993, the My-
coses Study Group began a randomized, double-blind
study comparing the use of fluconazole with that of itra-
conazole, and it is hoped that results from this trial will
better define the relative value of these two agents.

Meningitis
With the introduction of amphotericin B, survival

with coccidioidal meningitis improved.'"6'212-9 But to be
effective, amphotericin B had to be administered repeat-
edly into the cerebrospinal space, and courses of treat-
ment lasted many months or even years. Moreover, as
reviewed by Labadie and Hamilton, overall reported sur-
vival was only 57%, varying substantially among differ-
ent reports depending on the specific technique of drug
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administration, drug dosing, patient factors, and length of
observation.'

The possibility of substituting oral therapy with azoles
was investigated soon after they were available, and some
of the early experiences that followed are summarized in
Table 8.5-15 Ketoconazole has not proved widely applic-
able for this disease because at least 1,200 mg per day of
the drug has been needed, and side effects at this dose of-
ten cannot be tolerated. In addition, in all of these reports,
all but one patient received amphotericin B either concur-
rent with or before the azole. Thus, it was difficult to be
sure how much of the response was attributable to the
azole component of the therapy.

To resolve this situation, the Mycoses Study Group
initiated a trial of fluconazole for the treatment of coccid-
ioidal meningitis.253 Only patients with untreated menin-
gitis or active meningitis after previous therapy with
amphotericin B failed were included, and during the
study other antifungals were not administered. The dose
of fluconazole was 400 mg per day, and treatment was

evaluated by repeated measurements of CSF and other
abnormalities using a predefined scoring system. By the
fall of 1990, 50 patients were enrolled. By chance, exactly
half of the enrolled patients had not received previous
therapy, 41 were male, and 9 were HIV infected. The re-

sponse for both groups combined was 79%, ranging from
70% for patients without previous therapy to 88% for pa-

TABLE 8.-Preliminary Reports ofAzole Therapy for
Coccidioidal Meningitis

Relation to
Daily Oral Amphotericin B Patients, No.

Azole Drug Dose, mg Administration Treated Improved

Ketoconazole* > 1,200 Before 5 5

Fluconazolet 50-400 Concurrent 7 4

Before 7 5

None 1 1

Itraconazolef ... 300-400 Concurrent 3 3
Before 5 4

'From Craven et al.250
+From Tucker et al.251
tFrom Tucker et al.252

tients who had relapsed after past treatment. In reviewing
the baseline characteristics for the two groups, it appeared
that by the time previously treated patients were enrolled
in this study they had slightly milder disease, and it is
possible that this difference may have accounted for that
group's higher response rate. During the study, 10 re-

sponding patients have died of unrelated causes, includ-
ing AIDS in 6 and stroke, pulmonary embolus, Hodgkin's
disease, and urosepsis in the others. All of the other re-

sponders have now completed more than two years of
therapy and are doing well. Of the 10 patients for whom
therapy failed, 2 HIV-infected patients died, 2 patients
were switched to amphotericin B, and 6 patients were
continued on a regimen of fluconazole, but the dose was
increased to 800 mg per day.

Responses were generally achieved within eight
months, and the rate of response was not affected by ei-
ther HIV coinfection or the presence of hydrocephalus. In
the first four months, improvement is most attributable to
reduced symptoms, whereas the improvement of various
CSF measurements occurred more gradually. From a
practical standpoint, this meant that patients would start
feeling better within a month or two, even though objec-
tive measures of improvement would take considerably
longer to manifest.

It should also be appreciated that in some patients, not
all evidence of disease activity has completely resolved
even after many months of treatment. For example, of 20
responding patients who had lumbar punctures repeated
20 or more months after starting therapy, 5 still have
leukocyte counts of 20 or more cells X 106 per liter. Sim-
ilarly, the glucose concentration was between 1.7 and 2.2
mmol per liter (31 and 39 mg per dl) in 3 patients, and the
protein value was between 0.5 and 3.12 grams per liter
(50 and 312 mg per dl) in 9 of 16 patients, none of whom
had hydrocephalus. Overall, 15 patients had at least one
of these CSF variables abnormal. Thus, despite the gen-
erally favorable pattern, there is also considerable hetero-
geneity in the rate and completeness of the resolution of
evaluated abnormalities.

To summarize current treatment options for coccid-
ioidal meningitis, fluconazole has emerged as an attrac-

TABLE 7.-Summary ofMycoses Study Group Trials With Azole Antifungal Drugs for the
Treatment of Nonmeningeal Coccidioidomycosis

Treatment Results
Dose, Patients, Response, Relapse, 1 Year Stopped Due to

Drug mg/day No. 'b 9l Remission, ToTaxicity, 'l

Ketoconazole*....... 400 56 23t 9 21 6
800 56 32t 44 18 17

Itraconazolet...... 400 51 57 16 49 6
Fluconazole§...... 200 73 34 39 21

400 25 61 36 39
Sch 3930411..... 100 or200 54 66 ¶ ¶ 4

From Galgiani et al.239
tResponse was defined by a different method.
*From Graybill et al.23'
§Number represents the number of patients in whom drug toxicity for all doses combined limited their treatment.
IlData represent work in progress and have not yet been published in final form.
¶Drug was withdrawn before completion of the study.
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tive alternative to intrathecal therapy. The response rate
of 79% shown recently would seem at least as good as
that for amphotericin B."3 On the other hand, 21% of pa-
tients did not have a response at a dosage of 400 mg per
day, so there is clearly room for additional improvement
in the therapy for this disease. It is encouraging that some
of the patients for whom therapy initially failed appeared
to do better on higher doses of fluconazole, and perhaps
additional dose-ranging studies will solve some of the
residual problems. Alternatively, it may still be necessary
to use amphotericin B in some patients. Finally, most in-
vestigators are reluctant to stop azole treatment, even af-
ter many years of therapy. In a recent compilation of 16
patients who have stopped therapy with any of several
oral azoles, including ketoconazole, itraconazole, or flu-
conazole, 12 patients relapsed (David A. Stevens, MD,
written communication, July 1993). Because adverse
drug reactions with fluconazole have been few, it would
seem advisable to continue therapy until more is known
about the safety of discontinuing treatment.

Future Directions for Research
With the development of azoles for the treatment of

coccidioidomycosis, considerably more options are avail-
able than were a decade ago. Even so, the disease remains
a therapeutic challenge and one to test new antifungal
drugs and new treatment strategies. Most recently, lipid
or liposomal formulations of amphotericin B raise the
hope of reduced toxicity, which in turn may permit the
use of higher and more effective doses.25 Another ap-
proach has been to identify entirely new classes of anti-
fungal agents such as those that inhibit cell-wall synthe-
sis.255 The chitin synthase inhibitor, nikkomycin, is one
such drug developed by Bayer, and this agent has proved
to be an effective orally administered treatment of coccid-
ioidomycosis in experimental murine infections.2" Unfor-
tunately, this promising drug has been withdrawn from
clinical trials by the sponsor. One can only hope that this
decision might be reconsidered or that another farsighted
pharmaceutical manufacturer might step in to continue
the drug's development. Another lead for new classes of
antifungal drugs emanates from the observation that cy-
closporine has in vitro and in vivo inhibitory effects on C
immitis.?5 Although cyclosporine itself is too toxic to be
used for its antimicrobial effects, other related com-
pounds might be more selective.258 Finally, a therapeutic
role for interferon gamma has theoretical and experimen-
tal support.62'3 Only time will tell whether this or another
cytokine will find a place in the treatment of coccid-
ioidomycosis.

In addition to the continued need for new therapies,
our understanding of the biology of this pathogen remains
incomplete. That most infected patients have the power
to heal themselves should be strong stimulus to learn
more about the details of the immune response. To do this
will likely require the participation of scientists trained
in modern immunologic, biochemical, and genetic ap-
proaches. Such studies will rightly be viewed as ambi-
tious undertakings by scientists who have generally pre-

ferred to study less complex or more established experi-
mental problems. On the other hand, the possibilities for
unexpected findings are equally great, and it can only be
hoped they will attract more fundamental work on this
pathogen in the years ahead.
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